According to star formation histories (SFHs), Local Group dwarf galaxies can be broadly classified in two types: those forming most of their stars before z = 2 (fast) and those with more extended SFHs (slow). The most precise SFHs are usually derived from deep but not very spatially extended photometric data; this might alter the ratio of old to young stars when age gradients are present. Here we correct for this effect and derive the mass formed in stars by z = 2 for a sample of 16 Local Group dwarf galaxies. We explore early differences between fast and slow dwarfs, and evaluate the impact of internal feedback by supernovae (SN) on the baryonic and dark matter (DM) component of the dwarfs. Fast dwarfs assembled more stellar mass at early times and have larger amounts of DM within the half-light radius than slow dwarfs. By imposing that slow dwarfs cannot have lost their gas by z = 2, we constrain the maximum coupling efficiency of SN feedback to the gas and to the DM to be ∼10%. We find that internal feedback alone appears insufficient to quench the SFH of fast dwarfs by gas deprivation, in particular for the fainter systems. Nonetheless, SN feedback can core the DM halo density profiles relatively easily, producing cores of the sizes of the halflight radius in fast dwarfs by z = 2 with very low efficiencies. Amongst the "classical" Milky Way satellites, we predict that the smallest cores should be found in Draco and Ursa Minor, while Sculptor and Fornax should host the largest ones.
INTRODUCTION
Dwarf galaxies are the smallest and most numerous galaxies in the Universe. In the range of absolute magnitudes M V > -15, they are typically classified into dwarf spheroidals (dSphs), gas-poor and passively evolving; dwarf irregulars E-mail: bermejo@iasfbo.inaf.it (dIrrs), which are gas-rich and star-forming systems (e.g. Mateo 1998 ); and transition types (dTs) with intermediate properties between dSphs and dIrrs. The existence of different kinds of dwarf galaxies has opened a question that is still unsolved (Skillman & Bender 1995) : are the current properties of dwarf galaxies a result of their evolution or were they imprinted during their early assembly?
The star formation histories (SFHs) are an exquisite tool that allows us to reconstruct the lifetime evolution of galactic systems. Gallart et al. (2015) compared accurate literature SFHs for a sample of 18 Local Group (LG) dwarf galaxies, selecting only those derived from deep photometric data reaching down to below the oldest main sequence turnoff (oMSTO), and established an alternative classification of dwarf galaxies based on their lifetime evolution: they were divided in fast dwarfs, those that formed the majority of their stellar component early on (before z 2), and slow dwarfs, that only formed a small fraction of their stars at early times and continued forming stars for almost a Hubble time. The proposed dichotomy is not equivalent to the commonly adopted, traditional one: all the fast dwarfs are dSphs or transition types; however, not all the slow types are dIrrs: e.g. Milky Way (MW) satellites such as the Carina, Fornax and Leo I dSphs can be classified as having slow SFHs.
In Gallart et al. (2015) the SFHs were normalized and compared in a relative way. However, many of these SFHs are derived from photometric data that are deep but do not cover the entire stellar component. This, and the presence of age gradients in the dwarfs' stellar population (e.g. Battaglia et al. 2006 , Battaglia et al. 2012a , Battaglia et al. 2012b , del Pino et al. 2015 can result in an underestimation of the star formation at early times, since usually older stellar populations present more extended spatial distributions. Here we extend the analysis by Gallart et al. (2015) correcting for the missing spatial coverage of the ancient stars for a similar sample of LG dwarf galaxies. This allows us to integrate the absolute amount of mass formed into stars up to z 2 (∼10 Gyr ago) in order to learn more about possible early differences between fast and slow types. We focus on the stellar mass formed up to redshift z = 2 (>10 Gyr ago), M ,z>2 , because at lower redshift the two types are already very distinct, in that most fast dwarfs have experienced no or very little star formation.
Much of the theoretical research about the evolution of dwarf galaxies focuses on answering how could dSphs have lost their gas. There have been proposed many environmental mechanisms for the gas removal, such as ram-pressure or tidal stripping by a massive central halo (Grebel et al. 2003 , Mayer et al. 2006 , Mayer 2010 , Gatto et al. 2013 ) and the effects of an ionizing cosmic UV background (Efstathiou 1992 , Bullock et al. 2001 , Salvadori & Ferrara 2009 , Sawala et al. 2010 . The importance of environmental effects is supported by the existence of the observed morphology-density relations in galaxy groups: dwarfs with different gas content are preferentially found in different environments, with dSphs usually inhabiting denser locations as the neighborhood of a large galaxy like the MW or M31.
Another explored scenario for the gas removal is the internal feedback and the gas ejection through supernovadriven outflows (Dekel & Silk 1986 , Mac Low & Ferrara 1999 , Salvadori & Ferrara 2009 , Sawala et al. 2010 . Our derivation of the stellar mass formed up to z 2 allows us to estimate the amount of energy injected by the supernovae (SN) to the inter-stellar medium (ISM) up to this redshift, and to quantify if the stellar feedback is enough or not to remove the gas and quench the star formation on fast dwarfs at early times. This can be done by estimating the competing effect of the gravitational potential of the dark matter (DM) halo versus the SN energy injected. Since kinematic measurements can essentially determine the dynamical mass within the spatial extent of the kinematic tracer, we use abundance-matching (AM) relations to link the total DM halo mass to the stellar mass of each galaxy (e.g. Behroozi et al. 2013 , Moster et al. 2013 .
The calculation of the amount of SN feedback in dwarf galaxies can also provide information about whether this energy could or not change the DM halo density profile of the different kinds of dwarfs. It has been proposed (Navarro et al. 1996a , Read & Gilmore 2005 , Pontzen & Governato 2014 ) that the feedback energy coupled to the gas can subsequently modify the DM distribution by gravitational effects. This would solve the so-called 'cusp/core' problem, that is the mismatch between the observed mass profiles, consistent with homogeneous-density 'cores' (e.g. Flores & Primack 1994 , Moore 1994 , Kuzio de Naray et al. 2008 , Battaglia et al. 2008 , de Blok 2010 , Walker & Peñarrubia 2011 , Amorisco & Evans 2012 and the cosmological N-body simulations suggesting that if gravitational interactions between cold dark matter (CDM) particles dominate the structure formation, the DM density profiles are characterized by centrally divergent 'cusps' (Dubinski & Carlberg 1991 , Navarro et al. 1996b .
A similar long-standing tension between observations of the nearby Universe and the standard cosmological model is the "missing satellites" problem: ΛCDM simulations produce more DM haloes than observed galaxies, also in Local Group-like environments (Klypin et al. 1998 , Moore et al. 1998 . The mismatch can be explained with baryonic physics and likely involves supernova feedback, an ionising UV background, tidal stripping and possibly cusp-core transformations all working together in concert (e.g. Macciò et al. 2010 , Zolotov et al. 2012 , Wetzel et al. 2016 , Sawala et al. 2016b ; however, assuming a 'cuspy' NFW profile (Navarro et al. 1997) , kinematic measurements suggest that the smallest galaxies would live in the smallest haloes, leaving some inhabited haloes that would not be small enough to prevent star formation, this is called the 'too big to fail' problem (Boylan-Kolchin et al. 2011; GarrisonKimmel et al. 2014) . The solution within the CDM paradigm to match these galaxies with larger DM haloes is the presence of cores that would explain the lower measured velocity dispersions (Brooks & Zolotov 2014; Brook & Di Cintio 2015a,b) . The connection between 'cusp-core', 'too-big-tofail' and abundance matching relation was highlighted in Brook & Di Cintio (2015a) : the authors used the dynamical mass at half-light radius for Local Group's dwarf galaxies to show that, when fitted by a mass-dependent cored profiles , the kinematic of galaxies with M > 10 6 M is compatible with haloes more massive than M halo 10 10 M , alleviating the 'too-big-to-fail' problem and providing a M − M halo relation in line with abundance matching predictions.
Since the core creation can be explained with SN feedback (e.g. Peñarrubia et al. 2012 , Maxwell et al. 2015 , Chan et al. 2015 , Tollet et al. 2016 ), here we quantify its capability to modify the DM halo profiles at early times, by z = 2, for our sample of dwarfs, by providing an observationally-based accurate determination of the total mass in stars formed in stars by z = 2. This paper is organized as follows: In Sect. 2 we detail the data-sets and methodology used to correct the SFHs from the incomplete spatial sampling and obtain the mass formed into stars up to z = 2. In Sect. 3 we compare this derived quantity with present-day observables such as the stellar and dynamical mass as a function of the Gallart et al. (2015) dichotomy. In Sect 4 we calculate the amount of SN feedback energy produced at early times (by z = 2) and study its capability to remove the gaseous component and to change the DM density profiles of our dwarfs. We summarize our results and conclusions in Sect. 5. In Appendix A we investigate the effect of allowing for the feedback energy to be all injected at even earlier times (z = 6), accounting for the expected lower DM halo masses; we compare our results to simulations and theoretical work in the literature and briefly make considerations on gas expulsion and core creation in fainter systems than those considered in the main text, such as ultra-faint dwarf galaxies.
METHODOLOGY AND DATA-SETS
One of our goals is to compare the amount of stellar mass formed at ancient times in LG dwarf galaxies, in order to identify possible differences in the early properties of slow and fast dwarfs. Our sample consists of 16 LG 'classical' dwarf galaxies 1 . Fifteen of them were drawn from the sample used in Gallart et al. (2015) , from which we excluded the LMC, SMC and IC1613, since the spatial properties of their most ancient stellar component are still largely undetermined. We have also added the Leo II dSph due to the recent availability of wide-area photometric catalogues (Stetson, private communication) and SFH (Monelli, private communication) . A list of galaxies and their properties 2 is given in Table 1 .
An important aspect to take into account when determining the amount of stellar mass formed at a given redshift is the existence of negative age gradients in several LG dwarf galaxies (e.g. Battaglia et al. 2006 , Battaglia et al. 2012a , Battaglia et al. 2012b ): for these small galaxies in general the old stars show a more spatially extended distribution than the younger ones. Since not all the LG dwarf galaxies benefit from SFHs derived from deep CMDs covering a large portion of the galaxy's stellar component, not correcting for the missing spatial coverage could result in underestimations of the stellar mass from SFH integration, in particular for the old, most spatially extended stellar populations.
It is possible to calculate the correction factor due to the missing spatial coverage by knowing the surface density 1 Even though the distinction might be somewhat artificial, here we mantain the common nomenclature of 'classical' dwarf galaxies and 'ultra faint' dwarf galaxies (UFDs) to refer broadly to Local Group dwarf galaxies whose existence was know prior and posterior to the advent of SDSS, respectively. 2 We note that there are clear evidences that And II has experienced a relatively high mass-ratio merger (at least 1:10, see Amorisco et al. 2014) ; this might have affected the observed properties of the stellar component of this system, such as its half-light ratio, and placed it out of dynamical equilibrium; at the same time, its observed SFH might be the mix of the SFHs from the two merging systems.
profile and the structural parameters (ellipticity, position angle) of the spatial distribution of >10 Gyr old stars in each dwarf galaxy and the footprint of the data-sets from which SFHs were derived. An accurate determination of the surface density profile and the structural parameters requires photometric data with a wide-area coverage. When available, we adopt the literature values derived from the radial distribution of stellar mass at lookback-times >10 Gyr ago from SFH determinations from very deep and spatially extended photometric data. In lack of such estimates, a suitable alternative for our goals is to use the horizontal branch (HB) as a tracer of >10 Gyr old stars, as supported by stellar evolutionary models. The HB is also about 3 magnitude brighter than the oMSTO, therefore very wide-area photometric data reaching down to below the HB level are more much easily encountered in the literature/archives.
Spatial distribution of ancient stars
Tab. 1 lists the ellipticity, position angle θ 3 and scale length of the exponential profile, R old s , that we adopted for the >10 Gyr old stellar component of each dwarf galaxy, together with the corresponding sources. As detailed below, the complete set of estimates was not available in the literature for all galaxies.
For And II, there was no estimate of the best-fitting exponential surface density profiles. Therefore we use the Sérsic profile of index n = 0.3 by McConnachie et al. (2007) .
For Draco, Ursa Minor, Carina, Leo I and Leo II, we have estimated ourselves the best fitting exponential surface density profile of the HB stars, and the corresponding structural parameters. To this aim we use photometric catalogues of point-sources derived from archive data: CFHT/MegaCam for Draco and Ursa Minor (Irwin, private communication) , CTIO/MOSAIC II for Carina (Battaglia et al. 2012b ); compilations of data from different instruments for Leo I (Stetson et al. 2014) and Leo II (Stetson, private communication) . We then isolate HB stars using a simple selection in magnitude and color over the CMD 4 . A detailed explanation of the methodology for fitting the structural parameters and best-fitting surface (number) density profile can be found in Cicuéndez et al. (2018) . Here, it suffices to say that the analysis is performed by applying Bayesian MCMC methods directly to the stars' position, following the formalism described in the appendix of Richardson et al. (2011) ; we apply the MCMC Hammer (Foreman-Mackey et al. 2013 ), a Python implementation of the Affine Invariant MCMC Ensemble sampler (Goodman & Weare 2010) . The dwarf galaxy's surface density profile is assumed to be an exponential profile; a constant term is added in order to account for contamination by fore/background sources. There are 7 free parameters in the fit: the central surface density (σ 0 ), exponential scale length (R s ), central coordinates (α 0 , δ 0 ), position angle (θ) and ellipticity ( ) of the dwarf galaxy's stellar component, and the surface density of contaminants (σ c ).
We compared our results with the spatial distribution parameters from McConnachie (2012) for the whole stellar population, finding always consistency with our results and the known presence or absence of population gradients in these systems (e.g. Battaglia et al. 2012b; Jin et al. 2016) .
For And XVI and Aquarius there are no wide-area photometric catalogues reaching down to below the horizontal branch that we could access. Hence, for these two galaxies we use the half-light radius for the whole stellar component from McConnachie (2012) , coupled with the transformation between scale length and half-light radius by Wolf et al. (2010) . This gives a lower limit on the scale length of the old stars due to the possible presence of negative age gradients.
Star formation histories
The Star Formation Rates (SFRs) as a function of cosmic time (i.e., SFHs) derived from deep CMDs are used to calculate the amount of mass formed more than 10 Gyr ago within the region probed by these deep photometric datasets. We summarize in Tab. 1 the sources of these data-sets and the type of each dwarf galaxy according to the classification proposed by Gallart et al. (2015) .
For the Fornax dSph, since the SFH by del Pino et al. (2013) comes from a very deep VLT/FORS photometric data-set but with a tiny spatial coverage, we carry out our analysis also with the SFH from de , whose CTIO/Mosaic II data-set is not as deep, but has a spatial sampling that is almost complete.
Correction for the incomplete spatial sampling
We create mock galaxies following the surface density profile and structural parameters of the old stellar population (see Sect. 2.1 and Tab. 1). The procedure is based on the generation of 2-dimensional random arrays following the desired spatial distribution (see also Appendix B of Cicuéndez et al. 2018) .
We reproduce the spatial coverage of the observations from where the SFHs were derived, taking from the literature the size, shape, orientation and deviation with respect to the dwarf central coordinates of the footprint of each photometric data-set. Then, we define the coverage as the percentage of mock stars from the generated galaxies that fall into the limits of the observed footprint. We list in Tab. 1 the obtained coverage percentages, for which one can see a wide range of values: from very well covered galaxies, such as Sculptor, Tucana or Carina, to observations that are missing the majority of the old stellar component, like the case of And II or Fornax for the del Pino et al. 2013 data-set. It can be appreciated that the correction is non-negligible in several cases. The uncertainties in the coverage percentage were obtained by propagating the error in the scale length of the old stellar population R old s and neglecting the errors in the ellipticity and the position angle, since the coverage determination is strongly dominated by R old s . As final step, we integrate the SFHs from the beginning of star formation to 10 Gyr ago (z 2). The resulting mass is then divided by the corresponding coverage percentage, and this yields the corrected mass formed into stars up to z = 2, M ,z>2 . The uncertainties on M ,z>2 are calculated considering the intrinsic error of the SFRs and the error introduced by our procedure (i.e. the error in the coverage).
MASS FORMED INTO STARS UP TO Z = 2
In this section we compare our derived value of M ,z>2 with present-day observables such as the stellar mass ( Fig. 1 ) and the dynamical mass within the half-light radius (Fig. 2) . We study the behavior of these relations as a function of the fast and slow classification.
Due to the existence of age gradients, the relative fraction of old stellar population could have been underestimated in galaxies classified as slow in Gallart et al. (2015) and whose SFH was determined from data covering a small fraction of the main body. Thus, we first redefined a classification criterion based on our absolute quantities and checked whether our determination of M ,z>2 would result in a different classification than the one proposed by Gallart et al. (2015) .
Ideally, one would want to use SFHs corrected for the missing spatial coverage for the whole lifetime of the galaxy. However, this would imply knowledge of the dependence of the scale length of the spatial distribution of the stellar component as a function of age, which is not available. Instead, we calculate how much the old stellar component is contributing to the total present-day stellar mass. To this end, we use iac-star (Aparicio & Gallart 2004 ) in order to calculate the fraction of M ,z>2 that remains alive to present-day, M alive ,z>2
. By assuming a constant SFR between t 13.5 and t = 10 Gyr in lookback time and a typical metal-poor population, we obtain that ∼40% of the mass formed in stars before 10 Gyr ago is still alive today (∼60% when including remnants). Therefore, we adopt a 50% factor to obtain M alive ,z>2
. We checked that this number does not change significally if the shape of the SFH at old times is different from constant, e.g. assuming it all concentrated within the first ∼1 Gyr. Then, we compare the obtained M alive ,z>2
with the present-day total stellar mass M T , that is derived using the luminosities from Tab. 1 and the stellar component mass-tolight ratios by Woo et al. (2008) 5 . We define a dwarf galaxy as fast if M alive ,z>2
), i.e. when more than 50% of its current mass in stars was formed before z = 2, or equivalently, when M ,z>2 > M T . According to this criterion, all the analyzed galaxies remain of the same type as in Gallart et al. (2015) . We note that Sextans falls off the permitted region in amount of ancient stars that could have formed given the present-day luminosity, but considering the errorbars, the discrepancy is not statistically significant.
Relation to the present-day stellar mass
In the work of Gallart et al. (2015) the life-time evolution of fast and slow dwarfs was compared in relative terms, us- Table 1 . Structural parameters, derived parameters and properties of the 16 analyzed dwarf galaxies: ellipticity, position angle and 2D scale length adopted for the old stellar component ( , θ, R old s ), classification based on the SFH, coverage percentage, mass formed into stars up to z = 2 (M , z >2 ), present-day luminosity in V band (L V ), mass-to-light ratio for the V band (M/L), heliocentric distance (d), line-of-sight velocity dispersion (σ v ) and 2D half-light radius of the overall stellar component (R 1/2 ). Sarajedini et al. (2002) ing normalized SFHs. Figure 1 shows that, when comparing galaxies at a similar present-day stellar mass, dwarfs classified as fast appear to have formed more stellar mass at ancient times than slow types, also in absolute terms. It could be argued that the above result may be intrinsic to the definition of fast and slow types; however, here we showed that the result holds also when correcting the amount of stellar mass formed at ancient times for the missing spatial coverage, which in several cases implied a significant correction. Furthermore, the trend of fast dwarfs being more massive at z = 2 than slow types appears to hold over about two orders of magnitude in current stellar mass. Information on the SFH of a system like WLM, of comparable stellar mass to Fornax but star forming and gas-rich, would help in testing whether the trend continues at stellar masses above 10 7 M .
The values of M ,z>2 in And II and Fornax are the most uncertain, due to the very large error associated to R old s for the former and due to the different SFH determinations in the literature for the latter. Nonetheless, it is very likely that Fornax had the largest baryonic mass of the galaxies in the sample since early on, as it would be suggested by the fact that it contains five ancient globular clusters, while no GCs have been detected in And II, Sculptor and Cetus.
An additional interesting information provided by Fig. 1 is that all but one of the slow dwarfs in the sample formed a similarly low amount of stellar mass at early times (2×10 5 < M < 8 × 10 5 ), independently of their current stellar mass.
Since these galaxies have all experienced star formation more recently than z = 2 and still contain gas at present, this may indicate that the supernovae feedback associated with early stellar masses below 10 6 M would be insufficient to induce a significant removal of gas and therefore would not result in an early quenching of the star formation.
On the other hand, the Milky Way satellites Draco and Ursa Minor have also formed similarly low stellar masses at ancient times but have had their star formation stopped by z = 2; we speculate then that star formation in these latter systems was not stopped by internal feedback alone (see also Sect. 4.2), but rather by other effects, such as ram-pressure stripping and/or reionization.
For example, Gallart et al. (2015) proposed that strong internal feedback and reionization may couple to induce important gas loss at early times leading to early quenching in fast dwarfs, while this coupling may not occur in slow dwarfs, in which the onset of star formation would be delayed and take place only when the dark matter halo has grown massive enough to allow the gas to cool and form stars after reionization. A similar dichotomy in SFHs was noticed in work by Benítez-Llambay et al. (2015) , which makes use of the CLUES simulations (Gottloeber et al. 2010 . The dwarf galaxies with predominantly old SFHs are those inhabiting DM haloes that collapse early and where re-ionization coupled with internal feedback drives the lowdensity gas out of the virial radius, preventing further re- Figure 1 . Stellar mass formed up to z = 2 (M , z >2 ) as a function of the mass in stars still alive at the present-day (M T ). The red and blue points represent respectively the fast and slow dwarfs according to the classification by Gallart et al. (2015) . The x-axis errors are obtained propagating the uncertainties on M V from McConnachie (2012). The y-axis errors are calculated considering the intrinsic error of the SFRs and the error introduced by our procedure (i.e. the error in the coverage). The grey band indicates the maximum M , z >2 allowed as a function of present-day stellar mass, with the limits corresponding to this calculation done with remnants and without remnants once the effect of stellar evolution and death are taken into account.
accretion: therefore star formation continues only until the gas that had cooled down before re-ionization is eventually consumed. On the other hand, the dwarf galaxies with a predominantly young stellar population are inhabiting haloes that collapsed late and were thus unable to start forming stars in significant numbers until well after reionization. Several sets of simulations do lend support to the fact that the heating effect of internal feedback is enhanced by the UV background due to reionization (e.g. Sawala et al. 2010) . Note that the effects of reionization could be spatially dependent, being stronger for those galaxies that were born closer to a growing source of reionization like the MW or M31 and affecting in a higher amount satellites like Draco and Ursa Minor (Miralda-Escudé et al. 2000 , Weinmann et al. 2007 , Spitler et al. 2012 , Ocvirk et al. 2016 , Dixon et al. 2018 .
If Draco and Ursa Minor would have not been stripped of their gaseous component and been allowed to continue forming stars till present day, they might have turned out to be much more luminous, as their "slower" Leo A, Leo I counterparts. Therefore, when exploring the hypothesis that passively evolving satellites of the MW and M31 shared similar ancestors as the gas-rich, star forming isolated LG dwarfs, depending on the infall redshift of the satellite, one might have to compare systems of rather different present-day luminosity (see also Mistani et al. 2016 for similar conclusions between cluster and field dwarf galaxies).
Relation to the dynamical mass
Since at similar present-day stellar mass dwarf galaxies with a fast SFH appear to have formed a larger amount of stellar mass at early times than slow dwarfs, it is interesting to explore whether there are signs they could have assembled also more dark matter (DM) at early times.
To this aim, we consider the dynamical mass within the half-light radius (M dyn ), which can be derived very accurately in pressure-supported spherical systems for which only l.o.s. velocities are available, such as the gas-poor dSphs, provided a few conditions are met (see Walker et al. 2009; Wolf et al. 2010) . Many of the gas-rich LG dwarfs show little sign of rotation in their stellar component within their projected half light radii (Leaman et al. 2012; Wheeler et al. 2017) , therefore the same method has been applied to these systems too (e.g. Kirby et al. 2014 ).
Here we use the formula by Walker et al. (2009) :
where R 1/2 is the two-dimensional half-light radius in pc, σ v is the l.o.s. velocity dispersion in km s −1 , for which we use the values referring to the overall stellar component (see Tab. 1). Since the Local Group dwarf galaxies we are analyzing are consistent with being dark matter dominated at all radii (see recent reviews by Battaglia et al. 2013 , Walker 2013 and references therein, although see Battaglia et al. 2015 and Diakogiannis et al. 2017 for the case of Fornax), M dyn is essentially due to the mass of the DM halo within the half-light radius 6 . The effect of tidal stripping on to the DM haloes of satellite dwarf galaxies is to decrease the intrinsic σ v (e.g. Read et al. 2006 , Peñarrubia et al. 2008 , Lokas et al. 2011 , Kazantzidis et al. 2017 and to a less extent R 1/2 (Peñarrubia et al. 2008) ; therefore the M dyn value for satellite dwarf galaxies should be seen as a lower limit to the M dyn before infall. Figure 2 shows that there are hints of a correlation between the present-day stellar mass and M dyn (left panel, see also McConnachie 2012); this correlation becomes better defined when considering the stellar mass formed at early times M ,z>2 (right panel), rather than the present-day stellar mass. This is confirmed by a Pearson test, which yields a correlation coefficient equal to 0.6 for log(M dyn ) vs log(M T ) and 0.7 for log(M dyn ) vs log (M ,z>2 ).
We speculate that the relation between M dyn and M ,z>2 might be linking the DM and the baryonic content of these dwarf galaxies at early times, with M ,z>2 being a better tracer of the initial baryonic content than the present-day stellar mass. This is probably because, as discussed above, for systems which have had their evolution affected by external mechanisms, the present-day stellar mass is likely not representative of the stellar mass the system would have had if allowed to evolve in isolation.
We find that, in general, fast dwarfs have a larger dark matter content within the half-light radius with respect to slow dwarfs: excluding And II, which seems to be an outlier in terms of R 1/2 , the median M dyn is 1.9 × 10 7 M for the fast (2.2 × 10 7 M if we do not exclude And II) and 1.2 × 10 7 M for the slow dwarfs, respectively. This could, however, be a consequence of the larger R 1/2 found in fast dwarfs for the galaxies in our sample: the ratio between the median R 1/2 of both kind of dwarfs is ∼1.4 excluding And II (∼1.6 with And II), while the ratio between median dynamical masses is ∼1.5-1.6 (∼1.8 with And II). Given the relatively small size of our sample of galaxies, we cannot exclude that small number statistics might be affecting the result. Nonetheless we note that: 1) the DM mass for the slow dwarfs which are gas-rich could be lower than estimated here, since we have neglected the contribution of the gas to M dyn ; 2) the DM mass (and hence M dyn ) for the dwarfs which are satellite galaxies, that is in general fast dwarfs, is expected to have been larger before infall, depending on the amount of tidal stripping undergone. These effects should, on average, go in the direction of emphasizing the difference in DM mass between slow and fast dwarfs.
SUPERNOVA FEEDBACK
We use our determination of the mass in stars formed up to z = 2 to provide observationally motived estimates of the amount of stellar feedback from supernovae (SNe) explosions and comment on the possible effect that this might have had on the early evolution of the baryonic and dark matter component of Local Group dwarf galaxies. Specifically, we focus on the questions of whether the energy injected by SN is able to remove the gas and therefore halt star formation at early times in the fast dwarfs (Sect. 4.2) and/or to transform an initially cuspy dark matter halo into a cored one (Sect. 4.3).
We concentrate on SNe II because 3D hydrodynamical simulations show that the influence of the SNe Ia explosions on the general hydrodynamical behaviour of the ISM is not very important, due to the small percentage (∼3%) of SNe Ia events during a cycle of SNe II explosions (e.g. Marcolini et al. 2006 ).
Derivation of SNae feedback energy and competing gravitational potential
In order to calculate the expected energy budget from SNe II explosions (E SN,z=2 ), we assume that stars with masses M 6.5M evolve into SNe II and calculate the expected numbers integrating the IMF by Kroupa (2001) , given our estimates of M ,z>2 . Considering a typical kinetic energy of 10 51 erg for these kind of events (Utrobin & Chugai 2011) , we obtain the total energy injected by SNe II in the environment up to z 2. We list in Tab. 2 the values of E SN,z=2 . The choice of a SN II cut-off mass of 6.5M was motivated by theoretical works (see e.g. Cassisi & Castellani 1993; Monelli et al. 2010b ) predicting a lower value at the low metallicity of stellar populations in dwarf galaxies, with respect to the standard 8 ± 1M cut-off observed at solar, or higher, metallicity (see e.g. review by Smartt et al. 2009 ). We checked that the effect of choosing M 8M as limit in mass for the integration does not change significantly the result: in that case, the feedback energy obtained is a ∼75% of the E SN,z=2 in the M 6.5M case (see below for consequences on the results).
A key factor that strongly affects the analysis is the choice of what fraction of the energy produced by SN II couples to the gas and to the dark matter; this is parametrized through the so-called efficiency ( SN and DM ). The value of this parameter is very uncertain, but as discussed for example in Peñarrubia et al. (2012) , typical values are likely not to exceed SN = 0.4 (see e.g. Governato et al. 2010 , whose simulations also include heating from the cosmic UV background) and might be as low as a few percent ( SN = 0.01, e.g. Kellermann 1989 ; in Revaz & Jablonka 2012 a value of SN = 0.05 best describes the metallicity-luminosity relation of MW dSphs). 3D hydrodynamical simulations of the chemical and dynamical evolution of the ISM in dwarf galaxies show that, in a picture where star formation proceeds in short bursts of 60 Myr, even if the energy released by SNe II in a single burst is about 1.3 times larger than the gas binding energy, no galactic wind develops due to the massive DM halo and the large effectiveness of the radiative losses (Marcolini et al. 2006) ; also in this case the SN efficiency appears to be ∼0.05. The range of efficiencies from observationally motivated works is compatible with the theoretical results, e.g. McQuinn et al. (2017) calculate an average wind efficiency of 0.16 for a burst timescale of 25 Myr.
Another crucial ingredient to quantify the capability of the SNe feedback energy of removing the gas and/or modifying the dark matter halo density profile by z = 2 is the competing effect of the gravitational potential W of the dwarf galaxy. As discussed above, Local Group dwarf galaxies are typically found to be DM dominated at all radii; therefore we neglect the stellar component as a contributor to the gravitational potential (note that adding it would go in the direction of making gas removal or creation of cores in the DM halo more difficult). We assume a standard ΛCDM cosmology with Ω m = 0.32, Ω Λ = 0.68 and H 0 = 67 km s −1 Mpc −1 (e.g. Planck Collaboration et al. 2016) .
The gravitational potential is defined as:
where ρ(r) is the DM halo density profile, M(r) = ∫ r 0 ρ(r )4πr 2 dr and R vir is the DM halo virial radius. The value of W at z 2 is calculated as follows. First, we obtain the DM halo mass at z = 0 from the presentday stellar mass using the AM relation by Brook et al. (2014) based on Local Group simulations:
where M is the stellar mass, M h is the halo mass and M 0 = 79.6 M . We also do the calculations using the AM relation from Moster et al. (2013) :
where M 1 = 11.59 M , N = 0.0351, β = 1.376 and γ = 0.608. Second, we extrapolate the z = 0 DM halo mass to z 2 using the results by Fakhouri et al. (2010) (see their figure  6 ), that for haloes in our regime of present-day mass (∼ 10 9−10 M ) estimates the virial mass M vir at z = 2 to be about 40-50% of the current one (we have assumed M vir M halo ). Then, we obtain R vir (z = 2) from M vir (z = 2) following the formula 7 :
For the density profile ρ(r) we assume a Navarro-FrenkWhite (NFW) profile (Navarro et al. 1997) :
where to obtain the parameters ρ s and r s of the NFW profile it is useful to consider the concentration parameter c vir ≡ R vir /r s . We calculate the concentration from M vir (z = 2) using the formula by :
with a = 0.643 and b = −0.051 for z = 2. Thus, r s is trivially obtained from R vir and for ρ s by applying the relation in Bullock et al. (2001) :
where A(c vir ) is defined as:
We decided not to use AM relations computed at z = 2 in order to get our stellar to halo mass, because the relation is poorly constrained at such redshift for halo masses below 10 11 − 10 12 M . To check that our results do not depend strongly on the AM relation choice, we use both the Brook et al. (2014) AM relation (hereafter B14), which is based on Local Group simulations and observations, and the Moster et al. (2013) AM relation (hereafter M13) extrapolated to low mass galaxies. We list in Tab. 2 the virial masses at z = 2 and gravitational potentials obtained for both AM relations. In Appendix A we comment on the effect of adopting the Behroozi et al. (2013) AM relation, which is the one that differs the most from the two above.
Note that the use of AM relations for dwarf galaxies that are satellites results in an upper limit for their halo mass, as we derive the pre-infall halo masses, while the masses at , with x = Ω m (z) − 1, being Ω m (z) the normalized matter density, whose redshift evolution is related to the present-day matter density Ω m by the following formula:
z=0 could be much lower due the tidal stripping occurring after infall.
Simulations suggest that star formation proceeds in an oscillatory fashion, with 50-100 Myr long bursts, followed by similarly long quiescient periods, and that the impulsive heating due to this behaviour accumulates with time, eventually causing the transformation from a DM cusp into a core (e.g. Governato et al. 2010 , Teyssier et al. 2013 , depending on the energy balance. As we will show in the Appendix, the results from our energetics calculations are in very good agreement with those from hydrodynamical simulations of dwarf galaxy formation by Read et al. (2016) when comparing the similar levels of energetics involved.
Early gas removal
Can the energy generated by the explosions of SNe II occurring at early times (z > 2) be the main driver for removing the gas in some of the Local Group dwarf galaxies? Can it explain the lack of star formation in fast dwarfs at times more recent than 10 Gyr ago?
To this end we consider the minimum energy required to expel the gas from the galaxy potential well as ∆W gas /2 = (W f − W i )/2, where the initial gravitational potential W i is given by the sum of the DM halo gravitational potential and of the gas component, integrated out to the DM halo virial radius; while the final gravitational potential W f is given only by the DM component, since the gas has been blown out. We also make the simplifying assumption that the density distribution of the gas follows a NFW profile as the DM halo and that the initial mass in gas is equal to the cosmological baryon fraction ( f b 1/6) times the DM halo mass. Given the uncertainties in the initial amount of gas present in these systems, this appears as a reasonable first order approximation.
We start by considering the limiting case that all the energy produced couples to the gas ( SN = 1), which can be interpreted as a strong upper limit on the capability of internal feedback to remove gas at early times. In this case, we find that practically all the systems (except maybe And XVI) would produce feedback energy in large enough amount as to remove the gaseous component. This is not realistic since in our sample there are galaxies with extended star formation histories, indicating that the actual efficiency is < 1.
We can constrain SN using the fact that slow dwarfs must have hold on to their gaseous component more recently than z = 2, to explain their extended SFHs. In particular, Fornax has a sizeable intermediate-age (1-8 Gyr old) component and has formed stars until very recently, ∼50-100 Myr ago (Coleman & de Jong 2008) , suggesting that it must have retained a large fraction of its gas more recently than 10 Gyr ago. For this dwarf, SN can not be higher than 10% in order to retain the gas. Phoenix and LGS 3, which are both fast dwarfs but that still have some gas at present and have had some star formation after z = 2 (Hidalgo et al. 2009 ), would limit the efficiency to SN 10%.
If we therefore assume SN 10%, we obtain that the most luminous fast dwarfs (And II, Cetus, Tucana, Sculptor and Sextans) could have been deprived of their gaseous component by stellar feedback. Under our hypotheses, it is natural to expect the systems that have produced the largest M ,z>2 to have a positive balance between E SN,gas,z=2 and the gravitational potential: while the energy produced by SNe II depends linearly on the stellar mass formed up to z 2, the gravitational potential depends ultimately on the halo mass, which according to Tab. 2 is rather similar (∼ 10 9−10 M ) for the systems in our range of stellar masses.
Draco and Ursa Minor, which are found well within the virial radius of the MW and have stopped forming stars by z = 2, would need SN 15% to have had their star formation quenched by stellar feedback. If, as discussed above, SN is likely to be lower, these simple calculations would support the possibility discussed in the previous section that other factors, like tidal and/or ram-pressure stripping from the MW and re-ionization, can either be mainly responsible for the quenching of these two galaxies, or couple to internal feedback to make gas removal easier (see also Kazantzidis et al. 2017 , Tomozeiu et al. 2016a , Tomozeiu et al. 2016b ).
On the other hand, should the DM halo masses of these galaxies be lower (as e.g. predicted by revised abundance matching relations that correct for reduced stellar mass due to quenching, e.g. Read et al. in prep.) , the capability of internal feedback to remove the gas would be enhanced.
However, in this approximation we are considering that all the energy produced by the SN II events occurring prior to z = 2 is injected at once in the ISM. Simulations suggest that star formation proceeds in an oscillatory way, with 50-100 Myr long bursts, followed by similarly long quiescent periods (Marcolini et al. 2006 , Revaz et al. 2009 ). Part of the gas heated in a single short burst will cool down and fall back, to form the next generation of stars. So likely the net effect will be milder than what we are considering here. Clearly, the results concerning each specific galaxy should be taken with a grain of salt, but in general the comparison of the SNe energy budget with the gravitational potential at z = 2 indicates that internal feedback alone might not have been sufficient to deprive fast dwarf galaxies from their gas component at early times, under resonable conditions of efficiency.
Even though we deem this hypothesis unlikely for the "classical" dwarf galaxies, as those in our sample, in the Appendix we explore the impact of assuming that all the early star formation would occur by z = 6, rather than z = 2; we also make some consideration on feedback-driven gas loss in fainter systems than those considered here, such as those typically named as ultra-faint dwarf galaxies.
Cuspy to cored profiles
We explore the possibility that the early SN feedback would produce changes in the DM halo density profile of the dwarf galaxies. It has been discussed, e.g., in Peñarrubia et al. (2012) , that the transformation from cuspy, NFW profiles to cored profiles requires such an amount of energy that can only be generated by SNe II explosions. We follow these authors' formalism and consider the 3D mass density of the DM halo to follow the profile:
where r c is the core radius, and r s and ρ s are the charasteristic inner radius and density of the NFW profile. Table 2 . Feedback and gravitational potential properties of the dwarfs at z = 2: budget of feedback energy (E SN ), virial mass of the DM halo (M vir,z=2 ), gravitational potential of the DM halo (W z=2 ) and minimum energy required to expel the gas (∆W gas/2 ) and form a core of r c = R 1/2 (∆W core /2), calculated for both AM relations by B14 and M13. It can be shown that Eq. (10) reduces to the NFW profile described by equation (6) when r c = 0. According to Peñarrubia et al. (2012) , and based on the virial theorem, the minimum energy required to core a profile is given by ∆W core /2 = (W core − W cusp )/2, where W core is the gravitational potential of the cored DM halo, while W cusp of the initially cusped DM halo.
Given that the gravitational potential of the cored profile depends on the core radius, we calculate the minimum energy to core the profile, ∆W core /2, as a function of the core radius r c . In Tab. 2 we list the value of ∆W core /2 for creating a core of equal size to the 2-D half-light radius of each galaxy (r c = R 1/2 ). Figure 3 shows the expected limits on the core radius that the galaxies in our sample can form using the energy from the SNe feedback due to M ,z>2 for the efficiency limits of DM = 0.01 (leftmost cap in the Figure) and DM = 0.40 (rightmost cap in the Figure) and assuming the B14 AM relation; the results for the M13 AM relation are extremely similar.
For each given galaxy, the results are heavily dependent on the choice for DM as there can be up to two orders of magnitude difference between the values of core radius obtained with DM = 0.01 and 0.40 (our choice of 6.5 M as the mass limit to form a SN II has a smaller effect on the results; increasing this to 8 M results in cores with a 60-70% smaller r c ). This clearly highlights the need for more constrained estimates of the efficiency parameter.
If the main mechanism for core formation is the response of the DM halo to the change of gravitational potential induced by repeated short bursts of star formation, as suggested by simulations (e.g. Read & Gilmore 2005 , Pontzen & Governato 2014 , then the amount of SN II energy that radiates away does not contribute to this process, and therefore DM can not be larger than SN . If we consider the constraints on the efficiency discussed in Sect. 4.2, then we obtain DM 10-15%.
For both the B14 and M13 AM relations, the galaxies with the largest M ,z>2 produce r c > 5 kpc already with an efficiency of DM ∼ 0.1-0.2. Observationally, there is an on-going debate as to whether MW satellites of the type considered here inhabit cuspy or cored DM haloes (e.g. Goerdt et al. 2006; Battaglia et al. 2008; Walker & Peñarrubia 2011; Agnello & Evans 2012; Cole et al. 2012; Richardson & Fairbairn 2014; Strigari et al. 2014; Jardel & Gebhardt 2013; Breddels & Helmi 2014) . The observed kinematic (and light distribution) properties of the stellar component -and globular cluster system, for Fornax-are consistent with core sizes of ∼0.5-2 kpc. The upper limit on the core size is typically difficult to constrain (see e.g. Peñarrubia et al. 2012) , however Amorisco & Evans (2012) exploited the presence of three stellar components among the Fornax red giant branch stars to limit the core size 8 of Fornax DM halo to 1.0 +0.8 −0.4 kpc. In this respect, core sizes r c > 5 kpc can be considered as unlikely to be realistic, and this would be telling us that the DM ought to be less than 0.2. This is compatible with the constraints on the efficiency we provide in Sect 4.2.
Except for Fornax when using the SFH from del Pino et al. (2013) , all the slow dwarfs should have difficulties to form a core of r c 1 kpc given the conditions at z = 2 and would need a larger DM than what we constrain here to be able to produce core radii as large as their half-light radius by z = 2. On the other hand, the fast dwarfs have on average larger M ,z>2 and corresponding injection of energy into the ISM: in the regime of DM 0.1, the fast dwarfs appear to be able to form a core of r c ∼ R 1/2 by z = 2, unless the efficiency is of only a few percent. This could suggest that cuspy profiles (or the smallest cores) should be found preferentially in slow dwarfs, and it is in agreement with previous results from the analysis of Brook & Di Cintio (2015a) (see their Fig. 7) . In their work, two additional dwarfs are expected to be cuspy, namely Draco and UMi. They are the only 2 fast dwarfs in our scheme that form less than 10 6 M in stars before z = 2, making the creation of a large core more difficult.
In our calculations, however, we are focusing on the en-ergy budget at z ∼ 2, ignoring stellar feedback from subsequent star formation. Hydrodynamical simulations by Read et al. (2016) and Di Cintio et al. (2017) show that cores with sizes comparable to the 3D half-light radius 9 of the stellar component can eventually form if star formation proceeds long enough (depending on the DM halo mass vs energy that couples to the DM). Subsequent star formation would have to compete against a growing DM halo, which might slow down the increase in core size, an effect that cannot be estimated in the simulations by R16 since the DM halo of their simulated dwarfs is not growing in time; however it is probably safe to consider the core sizes of slow dwarfs as lower limits. On the other hand, the SF of fast dwarfs is either completely halted by z = 2 or just had some small residual activities: therefore we do not expect an additional growth of the DM halo core size due to this effect. As discussed by Maxwell et al. (2015) , the Peñarrubia et al. (2012) approach has built in the assumption that the DM mass from the innermost regions can be redistributed by the feedback all to way to the DM halo virial radius. This leads to a larger amount of energy with respect to the one required to redistribute the DM halo mass within the region of the core, making core formation more difficult. The Peñarru-bia et al. (2012) and Maxwell et al. (2015) approaches agree in the regime of 2-4 kpc core radii for DM halo masses in the range considered here. On the other hand, for smaller core radii, the estimates we are providing with the Peñarrubia et al. (2012) approach should be regarded as lower limits. Therefore the formation of cores via internal feedback appears to be energetically feasible in the range of stellar and halo masses here considered.
We note that the B14 and M13 AM relations produce among the largest values of DM halo masses associated to dwarf galaxies of a given luminosity, which for the dwarf galaxies here analyzed range between 1.5−10×10 9 M at z = 2. If we evolve back to z = 2 the DM halo masses predicted for the AM relation by Behroozi et al. (2013) , which is the most different from the previous two, the DM halo masses would be much smaller, ranging from ∼ 1.5 × 10 8 M to ∼ 3 × 10 9 M , yielding even larger core radii (see Appendix A).
Given the exquisite spectroscopic data-sets of several hundreds, or even thousands, accurate l.o.s. velocities of individual stars existing for the bright early-type galaxies satellites of the Milky Way (e.g. see review articles Battaglia et al. 2013 , Walker 2013 , the exciting recent measurement of the internal transverse motion of one of them (Massari et al. 2017) , and the progress in sophisticated dynamical modeling tools (e.g. Breddels et al. 2013 , Zhu et al. 2016 , Read & Steger 2017 , MW satellite galaxies are the Local Group dwarfs for which we can aim to have the best DM halo properties determinations. Among the MW satellites in our sample, those expected to have still a cusp or the smallest cores are Draco and Ursa Minor, while the largest ones are likely to be found in Sculptor and Fornax.
Note that Laporte & Peñarrubia (2015) discuss that the accretion of dark haloes can result into a cusp re-growth, however it is unclear on which timescales and what environments this process is more likely to occurr.
SUMMARY AND CONCLUSIONS
In this paper we have performed an observationally motivated analysis of the early evolution of 16 Local Group dwarf galaxies, using accurate SFHs from the literature. We follow the classification in fast and slow dwarfs proposed by Gallart et al. (2015) and study whether their different present-day properties and life-time evolution can be traced back to differences in the early properties of these two main galaxy types.
Since the SFHs of our sample of dwarfs are usually derived from photometric data-sets that cover only a fraction of the dwarfs' stellar component, we correct for the incomplete spatial sampling using statistical tools. To this end, we create mock galaxies following the surface density profile and structural parameters of the ancient stars (>10Gyr old, i.e. formed prior to z = 2) stars. The information on the spatial properties of the ancient stars is obtained either from the literature, when available, or by our own MCMC analysis of horizontal branch stars selected from wide-area photometric catalogues. We integrate the SFHs up to z = 2 (∼ 10 Gyr ago) and correct the resulting formed stellar mass for the missing coverage. Our correction is found to be nonnegligible in the majority of the cases.
We find that fast dwarfs formed more stellar mass by z = 2 than slow types over the 2 orders of magnitude probed by the data. This result adds information in absolute terms that was missing in the relative comparison by Gallart et al. (2015) . The availability of more SFHs in the literature for dwarfs of larger stellar mass, like WLM, could confirm if this trend holds also at present-day stellar masses > 10 7 M . Additionally, we find hints that the DM haloes of fast dwarfs have on average a larger dynamical mass than those of slow types within the half-light radius. We also find a correlation between the dwarfs' dynamical mass within the half-light radius and the amount of stars formed by z = 2, which is clearer than when considering instead their present-day luminosity; we interpret this as M ,z>2 being a better indicator of the initial relative baryonic content of the galaxies in the sample, before environmental effects might have deprived some of them of their gaseous component (and prevented subsequent growth in stellar mass).
Our estimation of the stellar mass formed up to z = 2 is also useful to explore if stellar feedback could have removed the gas component of the fast dwarfs and to what extent it might have caused a transformation from a cuspy to cored DM halo. As expected, a key, but unknown, parameter in this kind of estimates is the efficiency with which the SN energy couples to the gas and DM. By requiring that dwarfs that have experienced significant star formation more recently than z = 2 cannot have been deprived of their gaseous component at ancient times, we are able to put limits on the possible amount of gas coupling efficiency, and consequently on the capability of feedback to halt star formation in fast dwarfs and to core DM profiles. Our limits are compatible with the observational constraints on the core radius estimates for the Fornax dwarf galaxy.
We find that the gas removal by z = 2 driven only by internal feedback would be possible in the fast dwarf galaxies with a massive stellar component, under reasonable conditions of efficiency according to our limits ( SN 10 − 15%). Our analysis however assumes that all the SN II energy is injected at once, rather than in short bursts followed by quiescient periods, which might overestimate the capability of the feedback to expel the gas. Therefore it is more likely that internal feedback alone cannot explain the quenching of star formation in fast dwarfs, in particular at the fainter end, and that other factors, such as ram/tidal-stripping and/or re-ionization might play a role too.
Regarding the 'cusp-core' problem, we find that the feedback energy would have been enough to produce a transformation from cuspy to cored profiles in most of the dwarf galaxies in the sample by z = 2. Our result is quite degenerated depending on the assumed feedback efficiency. This parameter is one of the most important quantities to be constrained in order to break the degeneracy with the core radius size. For the range of efficiencies that we can constrain using the fact that slow dwarfs cannot have removed their gaseous component, we find that fast dwarfs could have formed a core of size of the order of their 2-D half-light radius (r c ∼ R 1/2 ) by z = 2.
The dark matter core sizes we derive here should be considered as lower limits: we neglect the feedback after z = 2, which, if considered, would yield larger cores for the slow dwarfs; and as discussed in Sect. 4.3 the Peñarrubia et al. (2012) formalism has higher energy requirements for core formation with respect to the Maxwell et al. (2015) formalism. However, unless the SN II energy coupling to the DM is of only a few percent, cores of at least 0.1-0.2 kpc appear to be energetically feasible to produce even within our conservative approach.
Among the MW satellites considered here, the systems which offer the best prospects for detecting a cusp (or where we expect the smaller cores to be) appear to be systems such as Draco and Ursa Minor, which also have fast SFHs and therefore do not suffer from the possibility of core size increase due to neglected SF <10 Gyr ago. At the opposite end sit Sculptor and Fornax (with the del Pino et al. 2013 SFH); in particular the latter, given its significant SF at intermediate ages, should be the system most likely to host a comparatively large core. We emphasize that the "coremost" and "cuspy-most" MW satellites are the same ones that were obtained with a different method in Brook & Di Cintio (2015a) . 
APPENDIX A: FEEDBACK AT LOWER DM HALO MASSES
Uncertainties in the SFH determination may shift the peak of the SF to ∼1.2 Gyr younger ages than the true one and to artificially widen the age distribution (e.g. Aparicio et al. 2016) . One might then wonder if it is possible that all the star formation activity that we have so far considered as taking place out to z = 2 was in reality confined to higher redshift, e.g. z = 6 (1 Gyr from the start of SF), i.e. to the pre-reionization era. At that time the DM halo would have been smaller and stellar feedback (coupled with the reionization UV background) could have been more efficient both in removing the gaseous component and in transforming a DM cusp into a core.
We deem this hypothesis unlikely for the kind of dwarf galaxies we are considering in this work: (1) the presence of a "knee" in the [α/Fe] versus [Fe/H] trend for the almost purely old fast dwarf galaxies in the sample would suggest that chemical enrichment (and star formation) have been ongoing for more than 1-2 Gyrs in these galaxies (see de Boer et al. 2012a for an age dating of the "knee" in Sculptor). (2) Bovill & Ricotti (2011) show that it is unlikely that dwarf galaxies brighter than 1 million L V, have formed more than 70% of their stars by z = 6. By analyzing the SFH of Cetus, Tucana, LGS 3 and Phoenix (3 of which are fainter than L V, = 1 × 10 6 ) taking into account uncertainties in SFH determination, Aparicio et al. (2016) conclude that also these galaxies are unlikely to be reionization fossils. (3) From the work of Sawala et al. (2016a) , it appears likely that dwarf galaxies as luminous as those considered here started and/or continued forming stars after re-ionization was completed.
